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AINTltACT

UAI{S MIS crbsewaticms  of stratcrsphcric crmnc and cldminc
nwncrxidc  arc. desc.l”ibc.d, Hnhanccd c.rme.entlatims Of CIO,  the.
plcd[,n~inant  f~rln of r e a c t i v e  chlcrrine. re.spcrnsil,le for crmnc.
depletion, arc seen within both the. ncrr[hcrn ancJ srnrthcrn winter
pOlar vcrrticrs. in  the sm]thcrll hemispbc.rc,  t h i s  kads cti]cclly to
the. dmdopnw.r)(  of the annual Antarctic mmnc hdc. While crone.
dcplctim  is alscr observed in the nmlh, it is less SCVCIC and them is
cmlsirtc.rablc. inkmnnual  variability.

lN’1’ROI)tJCTION

‘J’he Miclmvavc. 1.imb Srruncte.r (Ml S) (l{arath et al, 1993) cm
the llpper  Atnmsphme Research Satellite (LJAI{S)  has prcwidcd a
nearly e.cmtinuous sc.t crf daily glcrtral obse.rvatims of cmnc  (03)
and chlminc mmrrxide. (CIO) since launch in Sq>tcmbcr 1991. A
vcr[ical pr(lfilc of each atnmspheric palamctcu is obtained every 65
semnds,  day and night, and the n]easu]enmnts arc. unaffected by
clwlds m ac[OsO}s. ‘1’hc. 03  and CIO nwasurmcmts,  tcrgcther  with
h41 S rneasurme.nts  of t e m p e r a t u r e  a n d  watm vapor, a n d
~bservatimm by ~the.r irmtrun)cnts  on UARS,  prcwide the. basis fc]r
an implcwcd understanding of the chemistry and dynamics of the
1:,:11  [h’s upper atmmphcrc  (Rebcr, 1993).

‘1’hc  abundance of e.hlmim in the stratmphere. has g[mvn crvcr
the past half cc.ntury due. tcr man’s use of c.hl~r~flt]~r~carl)~l~s
(CTG),  and has been re.qnimd as a scrims  threat tcr the Earth’s
pr(,trctivc CMOM  ]aycl, especially since the discmwry  rrf stwcre.
cw(,ne dc~>lclicrn over  t h e  s o u t h  pOlc (Palman et al, 1985). “1’cltal
Ctll(lrinc.  in the stratmphcrc  is nmv at abcrut 3.6 pam pcr billiOn -
SOI]]C six times the, rlatural Ie,vel. cl~c.s are. very stable mmpmnds,
but mce they diffuse into the upper atnmsphc.re they are
phrrtc,lyz,cd  by s~lar ultraviolet raciiati~n  to release chlcrrinc atoms.
‘J’hc chlcrrine atmns react in catalytic. cyc.le.s, F’igurc 1, to dcstlcry
rrmne, whctti cac.h c}drwine.  rrtcm i s  a b l e  to dcshoy tens to
hund[cds of thrrusands crf omnc nmlce.rrlcs bcfcrrc it is eventually
washecl cwt rrf the atnmptxm in the fcmn rrf liC1.

“1’he CI)ICN inr. nmmxide.  radical is a shrrrt-lived participant in
tht.se catalytic cycles and its abundance is a direct measure of the
rate of dcstructim  rrf rrmne.. When Impm  aturc.s in  the pcdar
winter vcrrlicc.s fall bclmv  the. 195 K thre.shdd for the formation of
Pola] stratospheric dcrLIds (l’SC+S),  the ccmmntraticm of e.hlorinc
mcmcrxidc  is dramatically enhanced, ‘1’he  Antarctic ozone hcrlc is a
dilcct resutt of the rapid crone deStrUCtiO1l indicated by these high
levels Of CIO.

~’iggrc 1. P]edrrminant catalytic cycles that cic.slmy crmne
invcriving.  the  chiminc nmnrrxide. rarticai.
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Figure 2 shows MIA n~e.asurcmcnts c)f smrthcrn hrmisphem
crone anti CIO in 1991, ’92 anti ’93 whc.n the annuai crone 10SS
ncals its late winter maximum. ‘J’i)e nleasurcmcrrts m Sqmmber
21, 1991 were. dtained within 10 ciays of launch, arrci shmvcxi  an
rwrnc.  ciistributirm  i n  iinc. w i t h  cxpcctaticms basmi m cariicr
sate.iiitc tile.as~llc.tllctlls. I Imvcver, LJAltS  pmvicie.ci fm the first
tinw a daily lcrcrk at vertical structu[e thrmrghout the cmrnc }mlc.
l’hc C3C)  map was crur first view crf tile alcai e.xtcnt @f the. chiminc
problem since previmrs infmmalirm  was Iimiteci tcr rc.suits ftcm
g, m]n(i basmi nw.asurc.ments  (de. Z/aft a, 1987) anti an instrumented
aircraft flight inter the ecigc of t}lc mm hoie in 1987 (Andersm,
1989).  Ckmeiatirrn  bctwccn ti]e enhanced cillcrrine mmmxide  and
cicplctcci cmme. fields is remarkable, and the abscrlute. vaiuc crf the
c.cmcmtraticm irr(iicate.s  thal Vir(lla]]y  ail chimine i n  t h e  irrwer
stratosphere has bmm convcrkd  to the active fmm (Waters, 1993a).

!;ify!r~ 2. SOutilc.rn hemisphere CiO anti 03 in Septcmbc.r
1991, 1992 and 1993. Quantities mappc.ci ate ccriumn totais
obtained by intcg[tition of the M[ S rcttieveci iMofiitx atmve
100 h]]a. ‘1’hc  crmne e.oiLImn is in Dcrbscrrr units  (2.69 *10~0
nm]ec.LIle. rr].2) and CIC) units are 1019 n]o]ce.ulc m.z.
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Analysis of Ml S data (Waters c.t al, 1993b)  has shown both the

Antarctic rwone  hole anrt the greatly enhanced CIC) to be. well
contained in a ctynamically define.ct polar vorlrx.  ‘1’he southern

\ Iwmisphcrc plots for Scpte.mbcr  1992 and 1993 follow this patlerll
with only nlinor ctiffcrcnccs from year to year. in 1992 the rw.onc
level outside. tllc vorlc.x is sec]l to t,c. sig[]ificantiy reduced ftc)n] ttlc.
199I ICVCJ. ‘J’be lC.VCI recovers sormwhat in 1993,  suggesting that
part of the. 1992 rle.crc.ase.  may be. clue to residual e, ffccts of tbe June
1991 h4t }’ina(ulm volcanic eruption.

Southern  hcmispbe.re ohse.tvatirrns  f r o m  June to Se.ptembe.r
1992  p r o v i d e d  t h e  f i r s t  opporhrnit  y to witness in ctc(ail  the
chc.mical and dynamical processes which lead to t}m formation of
the Antarctic ozone }lole.. (Manne.y et al, 1993.) l~igurc.  3 shows
abunrtanccs of rwonc and c.hlorinc. mormxirlc. on four days in this
period,

Me.asurcments as early as June 1  show thr. p]c.scmce  o f
enhanced C:IO in regions of the polar vortex v,,hctc. temperatures
arc below tbc 19S K threshold for PSC formation, and where there
is sunlight to break down the chlorine nionoxidc  dimcr, CIOOC1.
‘1’lme. is no clc.ar cvidcmcz of oz,orrc destruction at this tirnc;
indccxt, the. abundance, of oxonc  is seen to incre.asc in the interval
to July 11. I’hc chemical dcstructirm implied by the large CIO
abundances appears to bc more. than balanced by a clynamic influx
of omnc.

1 Iowcvc.r,  by the middle of August rmonc has bc.c]) eaten away
in a collar at 60 to 70 deg latitude, clearly coinc.idcnt with the
highest values of C30.  B y  l a t e  Septe.mbcr,  w i t h  CIO ptcsent
[hroughout tile polar stratosphere., large. losses of 070ne arc
obs(’l\fcd,

~ifyllc  3. ‘]’hc e.vo]ution  of lower stratosphere chlmine
monoxide  and  ozzonc. over fol]r n]onths in th~ sout])c,l,]
t]emispbere winter of 1992. Measurements shown arc
retrievals interpolated to the El = 46S K potential
Iempcvaturc. surface, 00 values are parts pc.r billion by
volLIme,  and wz,onc.  values are par(s per million by volume,.

NO1tTIIEltN  1 II;hil SPII1~;I?IC

‘1’hc  polar strtitospbc[c i n  the Northcrll IIc. misphcle is
dynamically very di ffcrc.nt f[con~ tbc south, The polal vortex is less
stable, duc to the mrm  intense atmospbe.ric waves which arise.
primarily flom tl]c underlying ciistribution of norllmrn land nlasses.
Air within the vortex generally does not get as cold, or stay below
the I’SC thrcshrdd for so long; and tbcrc are large variations in the
dynamics flom yea! to year.

‘J’he first MI ,S observations of the northern winter stratosphere
shmvccl enhanced CIO forlning in mid Decernbcr j 991, and by
early January 1992 (Figure 4) it had spread to ccwer an area similar
in size to that see.rr over Antarctica. ‘l’lie.  enhanced C1O is se.cn in
areas downwind of the. 1’SG, in air which has passed through the
coldest parl of the vorlex within the p~evious fcw days, ‘l’he voriex
was displaced from the pole and this region of cnhanted  CIO
cmwrc.d much of norihe.rn Ihrropc, By late January, stratospheric
tcmpcraturcs had risen above the 1’SC threshold and the region of
enhance.d CIO had almost totally disappe.arcd.

In tbc. next norlhcxn  winter, enhance.cl CIO was observed from
early I)e.cembcr 1992 until the. first week in March 1993, and some.
evidcncc was noted of ozone depletion. In the northcm winter crf
1993/94, the. largest quantitic.s of enhanced CIO occurred in mid
Fchruary and early h4arc.h, when tempt. rature.s wem coldest,

l) ISCIJSSION

Hnhance.d CIO is observed whmr tmnpcrature.s  in the lower
st ratosl,herc fall below the I’SC threshold of about 19S K. “l’he
e.nhanccd (;10 exists in vrrr[cx regions which have bc.cn exposeci  to
the I’S(3, and its prwm.e.  indicates that omne. is being chemically
destroyed by the processes in l~igurc.  1. I Iov,,cvcr, the, ozone
c.mrcmtration does not in]mertiatc.ly  decline. because of the
scasrrnal influx ofomm rich air.

.lUn 1 .11111 Aug 14 Scp 20



%.,”,

.,,
b

!~igure. 4. Maps of enhanced chlm im monoxide. in tlm nm hem
hcn~isphcm  in three cmmmrtivc  wirrtcrs. ‘J’hesc plots show
the measu~cd  abumtanc.c.  in parts pc.r billion by volume on

b the 46 hl’a plcssure surface, (about 20 km altitude.).
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In the norlhm]  hcmisphcrc,  lnw lcmpcratulcs  and enhanced
CIO e x i s t  f o r  a  fc.w weeks and t h e  ozone  dCStrLICtiOll  i s  n o t
sufficient to produce a hole. In the southcm hemisphcm,  where.
low tcmpcratutcs  Continue. for many months, the omnc  hole
appcats annually.

‘J’hc proctuclicm of C1’Ck is being phased out by international
ag[ccmcmt  bccausc it threatens the. health of the stratospheric
mmc.  But total chlorine in the. stratosphere will not peak until the
next dcmic and will not decline to natural Icvc.ls for nmrc than a
c.enlury. II is by no means clear that we adccplatcly undclstand the
proclsscs  by which this chlorine can dc.stroy rr7,0nc. ‘1 ‘he
continuing Ml-s nwasurements of stratospheric oiiorre and chlorine
monoxide will help us to unctcrstanci more of the chmistry and
dynamics involvcct in omnc dcplc.tiorr.
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